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osting by EAbstract Because the malnutrition in Egyptian children, especially in the more poverty governor-
ate, the country plan is to prepare school meals for primary stage children within Egyptian school
feeding project, Ministry of Agriculture and Land Reclamation. These meals must be providing
with requirements of calories and major food elements. This study was aimed to prepare and eval-
uate ﬁve meals made from (A, B, C, D and E) formulas contained margarine, yellow butter or their
blends as a source of fat content. Formula A contained 100% yellow butter, while formula B con-
tained 80:20, formula C contained 50:50, formula D contained 20:80 butter to margarine, respec-
tively and formula E contained 100% margarine. Results showed that acid, peroxide and iodine
values of margarine were higher than those of butter. The content of the total unsaturated fatty
acids (TUFA) was higher in margarine than butter. Also, UFA/SFA ratio was higher in margarine
than butter. Whereas, the content of saturated fatty acids was higher than unsaturated fatty acids in
all prepared formulas except for formula C. Formula C had higher content of unsaturated fatty
acids (C16:1, C18:1, C18:2 and C18:3) than other formulas especially linoleic acid (17.057%).
Formulas C, D and E had higher content in C18:1 (32.44, 32.45 and 31.96, respectively) than other
formulas. While, the UFA/SFA ratio was higher in formula C (1.00) than other formulas. There-
fore, the prepared formula C which contains 1:1 butter and margarine was considered the best,
suitable and healthier one for Egyptian school children aged between 6 and 12 years.
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Fats have important nutritional functions in addition to supply-
ing a concentrated energy source. The fatty acid composition of
dietary fat markedly inﬂuences the fatty acid composition of
blood lipids and adipose tissue (Glatz et al., 1989).
Oils and fats that are typically used in margarine manufac-
turing include sunﬂower, cottonseed, corn and soybean oils.
Hydrogenated marine ﬁsh oils are used in some countries. Saf-
ﬂower and sunﬂower oils are more typically used in soft and
liquid oil margarines because they must have some crystalline
Table 1 Recipes of different formulas/100 g contained differ-
ent percentage of margarine and/or yellow butter.
Ingredients Formulas
A B C D E
Wheat ﬂour 50 50 50 50 50
Sugar 5 5 5 5 5
Yellow butter 8 6 4 2 0
Margarine 0 2 4 6 8
Sesame 1 1 1 1 1
Yeast 0.25 0.25 0.25 0.25 0.25
Salt 0.3 0.3 0.3 0.3 0.3
Eggs 4.5 4.5 4.5 4.5 4.5
Skimmed milk 2 2 2 2 2
Vanillin 0.05 0.05 0.05 0.05 0.05
Minced date paste (agwa) 20 20 20 20 20
Water 8.9 8.9 8.9 8.9 8.9
A: contained 100% yellow butter
B: contained 80:20 butter to margarine
C: contained 50:50 butter to margarine
D: contained 20:80 butter to margarine
E: contained 100% margarine
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and room temperatures. A sharp melting point is needed
at body temperature so that the margarines will melt rapidly
in the mouth leaving no waxy mouth feel (Yilmaz et al.,
2000).
A range of population fat intake goal according to FAO/
WHO/UNU (2001) recommendations was 15–30% of total en-
ergy. While, saturated fatty acids and unsaturated fatty acids
were 15–30% and <10%, respectively (Nishida et al., 2004).
Margarine is a butter-like product obtained from mixtures
of various edible fats and oils. Usually margarine contains
appropriate ratios of hard vegetable fats from coconut, palm
kernel, interesteriﬁed vegetable oil and/or hydrogenated vege-
table oils (Sherazi et al., 2008).
Non-communicable diseases represent the greatest health
problem in industrialized countries and a rapidly growing
problem in developing country (Caballero and Rubinstein,
1997). It is estimated that by the year 2020, over 60% of deaths
in the developing regions of the world will be linked to non-
communicable chronic disease. The excess of consumption sat-
urated fats lead to total increases plasma and LDL-cholesterol
levels, increase the risk of atherosclerotic vascular disease
(WHO, 1990). The high consumption of saturated fatty acids
and cholesterol is mainly responsible for hypercholesterolemia
(Kromhout et al., 1995).
Oleic acid is considered to be responsible for lowering
LDL-cholesterol levels. Whereas, polyunsaturated fatty acids
have beneﬁcial effects on both normal health and chronic dis-
eases, such as regulation of lipid levels, cardiovascular and im-
muno functions (Kris-Etherton et al., 2002). On the other
hand, the Grundy and Denke (1990) indicated that palmitic
acid increases LDL-cholesterol levels in parallel with the total
cholesterol concentrations when it is substituted for carbohy-
drates or monounsaturates in the diet. Myristic acid lead to
raise the total cholesterol than that does palmitic acid. Stearic
acid, in contrast to palmitic acid, seemingly does not raise the
total cholesterol level. However, stearic acid does not raise
LDL-cholesterol levels for which, it might be used as a replace-
ment of palmitic or myrisitc acid in diets designed to lower the
cholesterol level.
The contents of fatty acids of soft and hard margarine were
C14:0 (2.0, 1.1), C16:0 (12.7, 13.3), C16:1 (0.8, 0.8), C18:0 (6.7,
7.0), C18:1 (21.0, 51.8) and 18:2 (38.8, 9.3, respectively (Yilmaz
et al., 2000).
The analysis carried by Sherazi et al. (2008) indicated that,
the margarine brands contain the signiﬁcant amount of C12:0,
C14:0, C16:0 and C18:0. Meanwhile, the analysis of palmitic
acid indicated the greater contribution of palm oil in the mar-
garine manufacturing. Stearic acid (C18:0) was presented at
6.1–19.0%, while lauric acid (C12:0) was present at 0.1–
11.2% and myrisitc acid (C14:0) at 0.2–8.8%
Collomb et al. (2004) showed that the concentration of
oleic, linoleic, a-linolenic acid and conjugated linoleic acid
isomers in milk depend upon the fat source fed to the cows
with which contained 75–90% of the total conjugated linoleic
acid concentration in milk fat. Baumann et al. (2003) and Ip
et al. (1999) showed that the enrichment of milk fat with unsat-
urated fatty acids and conjugated linoleic acid confers higher
nutritional value to dairy product. These components are
susceptible to auto-oxidation and can negatively affect the ﬂa-
vour and other sensory characteristics and play an important
role as anticarcinogenic properties.This study was carried out to evaluate the fat chemical and
physical characteristics of ﬁve prepared school meals supple-
mented with different ratios of butter and margarine.
Materials and methods
Materials
The school pies include different ingredients in Table 1. Flour
was purchased from Egyptian millers company 6 October city,
eggs from production sector Agricultural Research Center
Giza, margarine from Efco star company, skim milk from
the International commerce group, vanillin and sugar from Su-
gar company and complementary industries, butter from El-
Eman form Commerce and supplying, salt in El-Nasr Com-
pany Alexandria, sesame from El-Reda & El-Nour company,
minced date (Agwa) from Central Administration for Food
Industries (Food Technology Research Institute-Agricultural
Research Center) and the yeast from Al-Zahraa company
Giza.
Methods
Technological processing
Five school Pies were prepared from ﬁve formulas (A, B, C, D
and E) using the recipes summarized in Table 1, expressing the
different ratios of yellow butter and margarine as fat blends
used in this study. Formula A contained 100% yellow butter
(as a fat content). While, formulas B, C and D contained
(80:20, 50:50 and 20:80) butter to margarine, respectively,
where formula E contained 100% margarine. All the other
ingredients were added at the same ratio percentages.
Pies were prepared according to the method described in
AACC (2002). The procedure was applied at Abo-Sultan fac-
tory. Dry raw materials (wheat ﬂour, sugar, salt, yeast, sesame,
skim milk and vanillin) were added in dough mixer and mixed
at the slow speed (60 rpm) for homogeneity of these ingredi-
Table 3 Fatty acids composition of butter and margarine.
Fatty acids% Butter Margarine
C8:0 0.486 –
C10:0 2.4.52 –
C12:0 3.879 0.186
C14:0 12.953 1.136
C16:0 31.379 48.726
C16:1 2.01 0.177
C18:0 12.137 5.044
C18:1 T – 3.47
C18:1 30.15 33.868
C18:2 2.13 9.757
C18:3 0.798 0.373
C20:0 1.618 –
SFA* 64.874 55.072
UFA** 35.088 44.175
UFA/SFA ratio 0.54 0.8
* Saturated fatty acids
** Unsaturated fatty acids
Table 4 Comparison of fatty acids composition of different
formulas of prepared school meals.
Fatty acid A B C D E
C8:0 0.72 0.73 0.05 0.29 0.47
C10:0 2.25 1.98 0.07 0.75 1.27
C12:0 2.96 2.55 0.23 1.05 1.74
C14:0 9.72 8.21 1.19 3.87 5.39
C16:0 32.12 32.62 42.83 39.04 35.44
C16:1 1.04 1.04 0.32 0.59 0.8
C18:0 9.56 8.62 5.47 6.6 7.59
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gluten network. The fat materials (margarine, yellow butter or
their blends) and eggs were added, then blended at slow speed.
Therefore, water was added and beaten for three minutes at
the slow speed, then for 12 min at the fast speed (120 rpm)
until the development of the dough.
The dough was transferred to the shaping machine, also the
minced date was added to feeder. After the shaping of the Pies,
they automatically transferred to the trays. Then the trays were
transferred to the fermentation room for one hour until the
Pies were fermented. The trays were transferred to rotating
ovens at 210 C for 11–13 min., then ventilated and packaged
into packaging machine.
Chemical analysis
Acid, peroxide and iodine values in butter and margarine were
determined according to the AOAC (2000) methods.
Fatty acids proﬁle
Fatty acids proﬁle of butter, margarine and fats extracted from
the prepared were determined according to the method
described by Leth et al. (1998) using Agilent 6890 GC. Trans
fatty acid was determined by the method of Farag et al. (2010).
Results and discussion
Acid, peroxide, iodine values of butter and margarine are pre-
sented in Table 2. Results indicated that, acid and peroxide
values of margarine were higher than those in butter. The cor-
responding values were 0.40 and 2.57 in margarine and were
0.29 and 1.02 in butter. On the other hand, the iodine value
was 46.77 in butter which recorded a lower value than in mar-
garine (56.60). It means that butter was less unsaturation than
margarine
The content of fatty acids in each of butter and margarine is
presented in Table 3. The obtained data indicated that the ma-
jor saturated fatty acid in margarine was palmetic being
48.73% followed by a small quality of stearic (5.04%). Also,
the most predominant saturated fatty acid in butter was pal-
metic acid (31.38%) followed by an equal percentages of
myristic (12.95%) and stearic (12.14%) acids. Each of marga-
rine and butter contained considerable amount of the unsatu-
rated fatty acid linoleic being 33.87% and 30.15%, respectively
and small percentages of linolenic and other acids. Results also
indicated that, margarine had higher contents of C16:0, C18:0
and C18:2 than those of butter. On the other hand, butter con-
tained higher amounts of C14:0, C16:1, C18:0, C18:3 than
those in margarine. In addition, margarine contained 3.47%
trans C18:1 (elaidic acid). It also contained more total unsatu-
rated fatty acids (44.18%) and subsequently higher UFA/SFA
ratio (0.80) than butter which contained 35.08% unsaturated
fatty acids and had UFA/SFA ratio being 0.54. Therefore, itTable 2 Acid, peroxide and iodine values of butter and
margarine.
Parameters Butter Margarine
Acid value 0.29 0.4
Peroxide value 1.02 2.57
Iodine value 46.77 56.6is very important to shed light for replacing animal fat with
hydrogenated vegetable oils because products manufactured
from hydrogenated vegetable oils may claim a low saturated
fat and low or no cholesterol content, attracting consumers
trying to reduce their saturated fat intake (Tavella et al.,
2000) and cholesterol which is mainly responsible for hyper-
cholesterolemia (Kromhout et al., 1995).
From the aforementioned results it could be noticed that
margarine had more oleic, linoleic and linolenic acids and it
can be normally used in human nutrition to replace butter,
in order to reduce cardiovascular diseases linked to athero-
throbosis. It was a good source of mono and polyunsaturated
fatty acids which are effective in reducing both LDL and HDL
cholesterols in serum.
The results of fatty acid composition of analyzed school
meals from prepared formulas are shown in Table 4. Results
indicated that, formulas C, D and E had the highest content
of oleic acid (C18:1), followed by formulas B (28.95) and AC18:1 T – – – – 0.96
C18:1 28.3 28.95 32.44 32.45 31.96
C18:2 12.31 14.72 17.06 14.96 14.8
C18:3 0.62 0.57 0.33 0.39 0.53
SFA* 57.33 54.71 49.85 51.6 51.9
UFA** 42.64 45.28 50.15 48.4 48.09
UFA/SFA ratio 0.74 0.83 1 0.94 0.93
* Saturated fatty acids
** Unsaturated fatty acids
76 A. Azouz(28.30). Oleic acid is considered to be responsible for the LDL
cholesterol levels. Whereas, polyunsaturated fatty acids have
beneﬁcial effects on both normal health and chronic diseases,
such as regulation of lipid levels (Mori et al., 2000), cardiovascu-
lar (Kris-Etherton et al., 2002) and immuno-functions (Hwang,
2000). Also, results in Table 4 show that, formulas C, D and E
had also higher content of total unsaturated fatty acids than for-
mula A and B. Meanwhile, formula A contained higher content
of fatty acids C10:0, C12:0 and C14:0 than other tested formu-
las. The higher content of 16:0 and 18:2 (42.83% and 17.06%)
was found in formula C than other formulas.
The increase of total unsaturated fatty acids in B, C, D and
E than the maximum level in margarine (44.18%) may be due
to the random addition of minced date and sesame seed during
processing and this was clearly notice in linoleic acid content,
which represent the major unsaturated fatty acid in sesame
seed oil (about 45%).
Also, the USFA/SFA ratio was higher in formula C (1.00)
than other formulas, butter and margarine. Therefore, formula
C was the best because it was rich in healthy unsaturated fatty
acids.
Saturated fatty acids with the chain length of (C12:0–
C16:0) carbon atoms have been reported to be atherogenic,
steric acid (C18:0) neutral, while oleic and polyunsaturated
fatty acids produced a blood lipid lowering effect (Aro et al.,
1997; Hu et al., 1999).
Conclusively, the prepared formula C is considered the
best, suitable and healthier formula for Egyptian school chil-
dren’s aged between 6 and 12 years which contains 1:1 butter
and margarine and provides children with suitable require-
ments of saturated and unsaturated fatty acids.
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